PROCESS FOR THE MANUFACTURE OF DI ESEL RANGE
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hydr ocar bons, particularly diesel range hydrocarbons
frombio oils and fats, wherein the formation of

hi gher nol ecul ar wei ght conpounds is reduced. The
invention also relates to processing of feedstock

containing free fatty acids, using a high product
r eBRENISS esRORi | -THEi o MANUFACEUREca OF onDIESEL.  RANGE

te kground of the invention
En%o@%elg?o erests and an increasing denmand for

di esel fuel, especially in Europe, encourage fue
producers to enploy nore intensively avail abl e
renewabl e sources. In the manufacture of diesel fuels
baEietd ofitheiinyendiomal raw materials, the main interest
has concentrated on vegetable oils and animal fats

OB o bl 060, R e S R menpere or
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present in diesel fuels. However, neat vegetable oi
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fatty acid derivatives into liquid fuels conprise

transesterification, catal ytic hydrotreatnent,

hyﬂﬁﬁgrﬂﬁtﬂl BEtheCiﬁ(r&{t}’Jd c cracking w thout hydr ogen and

anong others. Typically

triglycerides, forntng the mai n conmponent in vegetable

Oi Efvirehinfentd) dRfdsdandnir idchsihgr dea®ndndl ds€lstuel, espicially in

the transesterification reaction with an alcohgl in

t hE%@pe@ﬁ@eaeq fuehpradyesrsto eppploy Broxg indanspiebyiyailablg renewable
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ester oor T owtenperature-propert

mam 1nterest has concentrated on vegetable oils and animal fats comprising

triglycerides of fatty acids. Long, straight and mostly saturated hydrocarbon
chains of fatty acids correspond chemically to the hydrocarbons present in diesel
fuels. However, neat vegetable oils display inferior properties, particularly
extreme viscosity and poor stability and therefore their use in transportation fuels

is limited.

Conventional approaches for converting vegetable oils or other fatty acid
derivatives into liquid fuels comprise transesterification, catalytic hydrotreatment,
hydrocracking, catalytic cracking without hydrogen and thermal cracking among
others. Typically triglycerides, forming the main component in vegetable oils, are
converted into the corresponding esters by the transesterification reaction with an
alcohol in the presence of catalysts. The obtained product is fatty acid alkyl ester,
most commonly fatty acid methyl ester (FAME). Poor low-temperature properties

of FAME however limit its wider use in regions with colder climatic conditions.



of FAME however |imt its wder use in regions with
colder climatic conditions. Said properties are the

wo e®aloo37ef t he straight chain nature of the FAME/FI2006/050301
nol ecul e and thus doubl e bonds are needed in order to
create even bearable cold flow properties.
Car bon- carbon doubl e bonds and ester groups however
decrease the stability of fatty acid esters, which is
a maj or di sadvantage of transesterification
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25  feed stream may cause unwanted side reactions, such as cracking, polymerisation,
ketonisation, cyclisation and aromatisation, and coking of the catalyst. These side

reactions also decrease the yield and the properties of diesel fraction obtained.

Unsaturated feeds and free fatty acids in bio oils and fats may also promote the
30 formation of heavy molecular weight compounds, which may cause plugging of

the preheating section and decrease catalyst activity and life.

The fatty acid composition, size and saturation degree of the fatty acid may vary
considerably in feedstock of different origin. The melting point of bio oil or fat is

35 mainly a consequence of saturation degree. Fats are more saturated than liquid



consi derably in feedstock of different origin. The
melting point of bio oil or fat is mainly a

wa@ongmeerence of saturation degree. Fats are nOPET/FI2006/050301
saturated than liquidoils and in this respect need
| ess hydrogen for hydrogenatign of doubl e bonds.
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bio oils and fats, the formation of heavy molecular weight compounds are

25  significantly increased compared to triglyceridic bio feeds, which have only low

amount of free fatty acids (<1%).

Biological raw materials often contain metal compounds, organic nitrogen,
sulphur and phosphorus compounds, which are known catalyst inhibitors and
30 poisons inevitably reducing the service life of the catalyst and necessitating more
frequent catalyst regeneration or change. Metals in bio oils/fats inevitably build up
on catalyst surface and change the activity and selectivity of the catalyst. Metals
can promote some side reactions, but blocking of catalyst active sites typically
decreases the activity and thus metal impurities such as Na, Ca, and Mg

35 compounds should be removed as efficiently as possible.



on catalyst surface and change the activity and
selectivity of the catalyst. Metals can pronote sone
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distillates
observed, especially when a fatty acid fraction was used as a feed. A reaction

25  temperature with a lower limit of 350°C was concluded as a requirement for

trouble-free operation.

A two-step process is disclosed in FI 100248, for producing middle distillates

from vegetable oil by hydrogenating fatty acids or triglycerides of vegetable oil
30 origin using commercial sulphur removal catalysts, such as NiMo and CoMo, to

give n-paraffins, followed by isomerising said n-paraffins using metal containing

molecular sieves or zeolites to obtain branched-chain paraffins. The hydrotreating

was carried out at rather high reaction temperatures of 330-450°C, preferably

390°C. Hydrogenating fatty acids at those high temperatures leads to shortened
35 catalyst life resulting from coking and formation of side products.



fromvegetable oil by hydrogenating fatty acids or
triglycerides of vegetable oil origin using commercia

wa@ opled7oy enoval catal ysts, such as Ni Mo and QeVDFI206/050301
give n-paraffins, followd by isonerising said
n-paraffins using netal containi ng nol ecul ar sieves or
zeolites to obtain branched-chain paraffins. The
hydrotreating was carried out at rather high reaction

nBeratures of 330-450C, preferably 390C
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of triglyceride oxygen by the neans of  hydrogeéen
(hydr odeoxygenati on).

25 Formation of water during hydrotreatment results from the deoxygenation of
triglyceride oxygen by the means of hydrogen (hydrodeoxygenation).
Deoxygenation under hydrodeoxygenation conditions is to some extent
accompanied by a decarboxylation reaction pathway and a decarbonylation
reaction pathway. Deoxygenation of fatty acid derivatives by decarboxylation

30 and/or decarbonylation reactions forms carbon oxides (CO, and CO) and aliphatic
hydrocarbon chains with one carbon atom less than in the original fatty acid
molecule. Decarb-reactions mean here decarboxylation and/or decarbonylation

reactions.



Deoxygenati on under hydrodeoxygenation conditions is
to sone extent acconpani ed by a decarboxyl ati on

wo e@chioom pat hway and a decar bonyl ati on react i BET/F12006/050301
pat hway. Deoxygenation of fatty acid derivatives by
decar boxyl ati on and/ or decar bgnyl ation reactions forns
carbon oxides (CO and CO and™al i phatic hydrocarbon
chains with one carbon atomless than in the original
fatty acid nol ecul e. Decarb-reacti ons nmean here
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activity and Cracking to saturated hydrocarbons, or
f osatwrhiedrfatdy akids onestenshaupgBatingya bitalytic systerd, consisténg of nickel
obsey ved.
g’ntf \ét qeast one metal selected from the group consisting of lead, tin and
germanium. With other catalysts, such as Pd/C, low catalytic activity and cracking
to saturated hydrocarbons, or formation of ketones when Raney-Ni was used,

25  were observed.

Object of the invention

An object of the invention is an improved process for the manufacture of diesel
30 range hydrocarbons from bio oils and fats, with high selectivity, essentially

without side reactions and with high diesel yield.

A further object of the invention is an improved process for the manufacture of

diesel range hydrocarbons from bio oils and fats, wherein the extent of high
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selectivity, essentially wthout side reactions and
with high diesel yield. A further object of the

invention is an inproved procéss for the manufacture
of di esel range hydrocarbons frombio oils and fats,
wherein the extent of highnol ecul ar weight conpounds

f omategulay memjlt lepthpoundsaformed idyring by dietreatingnis dageeased and the
t e cat al is increased. A still
fu\q(}b% b’élfg %a{tarﬂ ftig hngrei\éﬁ?flenti on is an inproved process

for the manuf acture of diesel range hydrocarbons from
bio oils and fats, wherein the hydrotreatnent of
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Here hydroprocessing is understood as catalytic processing of organic material by

all means of molecular hydrogen.

Here hydrotreatment is understood as a catalytic process, which removes oxygen
from organic oxygen compounds as water (hydrodeoxygenation, HDO), sulphur
from organic sulphur compounds as dihydrogen sulphide (H)S)
(hydrodesulphurisation, HDS), nitrogen from organic nitrogen compounds as
ammonia (NH3) (hydrodenitrogenation, HDN) and halogens, for example chlorine
from organic chloride compounds as hydrochloric acid (HCI)
(hydrodechlorination, HDCI), typically under the influence of sulphided NiMo or
sulphided CoMo catalysts.



(hydrodechl orination, HDO ), typically under the
i nfl uence of sul phided Ni Mo or sul phi ded CoMo

w@ 200840905 . Her e deoxygenati on i s understood t OPEEER006/050301

renoval of oxygen from organic nol ecul es, such as

fatty acid derivatives, alcohg ket ones, al dehydes

or ethers by any neans previo st descrlbed Her e

hydr odeoxygenation (HDO) of triglycerides or other

fatty acid derivatives or fatty acids is understood to
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mean nmol.ecu d n un i nfl
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fatty aci I's understood to nmean renoval of carboxyl
oxygen as CO (decarboxylation) or as CO
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hydr ocar bon materials using nol ecul ar hydrogen at high

pressures. Here hydrogenati on nmeans saturation of
c aHbrndevarbozylation bhd/ob dewisbdmylation rd” toglyneriides wir ather fatty acid

hy r n under, the i.nfl yence f a catal yst. re
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fresh f eed and at | east one dilution agent. Summary of

the i nvention The present invention relates to an
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an i sonerisation step. Particularly the

Here hydrogenation means saturation of carbon-carbon double bonds by means of

molecular hydrogen under the influence of a catalyst.

Here n-paraffins mean normal alkanes or linear alkanes that do not contain side

chains.

Here isoparaffins mean alkanes having one or more C; — Cy , typically C; - C,

alkyl side chains, typically mono-, di-, tri- or tetramethylalkanes. .

The feed (total feed) to the hydrotreating unit is here understood to comprise fresh

feed and at least one dilution agent.



invention relates to the transformati on of the
starting materials conprising triglycerides, fatty
waeiodsoxamd derivatives of fatty acids or conbi PEL/FRo®/050301
of thereof, into n-paraffins with reduced formation of
hi gh nol ecul ar wei ght hydrocagbons using dilution of
fresh feed and reduced reacti on tenperature in the
hydrotreating step and converting the obtained
n-paraffins into diesel range branched al kanes using
5 i sowmmarytof tike inventiothi gh di esel yield. The
hydrotreating step is carried out contacting the feed

oo RSP BB SR o, i PR b b o
CQ{P)ﬁi{béa?&ﬁm fidif Ferleh@bleRbaicBE Gut Mt difs/fhl ANB ahmed oils/fats,
W

an isonerisation catalyst under isonerisation
coetnprisings a Tyidrobrgatingc sfeporndoian  fsometisptiphastep Particularly the

process. i hi.gh,qual i di.esel . ¢o ent . i | o

10 GoBiFRn BoiBst Bl ok ORror S8 SHREN sl iBlhpgiine
t hadglybetidés, entyadcidsraaictiesiives o f e duyddrtdoabinitiohs of thereof,
step, in conmbination with decreased reaction .

t el PparatEng Bdth ceduged dormation; ofcligh inarlesudarcweight hydigearbons
i OOV e ' i Witu, i J .

v 1Y RS G fl 68 Bt roRBbh oAbl HIREh firoyonting
Thstesl iahdi tcomgeridge the  ataminéid napakaffino irmo liisselofanpe branghed bhlkanes
ori gi n_and/.or. non-bial ogical .origjn he dil ution )

15 aglsine Bsqmesisation, withhigh %&33 lﬁléugi‘e ?‘Y%‘HFFﬁglgpfttﬂbgs%amed out
( PERRUKEN g RS Yol ompHIfhgHrdsht feBP aR® 8N ealt SrcClifiting agent with a
feed-ratro 1s 5-30: 1, "preferably 10-30: 1 and nost
pr by drotadrtmerit2 c@dlystl underp hpdretredsinente wbhoditiomsnt Thein  thee obtained
invention and of the.hydrotreatnent st i S . .
1 PROH ot o), AR a0 ORGPy P oURdFE pfsomerisation
Pr &sifisfonS OThd BYdrdédrBoh bl fBFRdd ¢idhis GROGES & A Bigh"Quality diesel
nore catal yst beds in series, hydrotreated product

20 r eegrapanenfat r oducti on on the top of the first catal yst
bed and fresh feed, quench |iquid and hydrogen
i ntroduction on top of each catal yst beds. This
I eBbtaliled idesdripjtivnest the hiveatiorf the reaction tenperature
in the catal yst beds and hence di m ni shes undesired

si de reactions. o ) )
It was surprisingly found that dilution of fresh feed in the hydrotreatment step, in

25 combination with decreased reaction temperature reduces the undesired side
reactions and improves reaction selectivity, particularly when a starting material
containing free fatty acids is used. The diluting agent can be a hydrocarbon of
biological origin and/or non-biological origin. The dilution agent can also be
recycled product from the process (product recycle). The diluting agent / fresh

30 feed-ratio is 5-30:1, preferably 10-30:1 and most preferably 12-25:1.

A preferable embodiment of the invention and of the hydrotreatment step is
illustrated in Figure 1, wherein a hydrotreatment process configuration is
provided, comprising one or more catalyst beds in series, hydrotreated product
35 recycle introduction on the top of the first catalyst bed and fresh feed, quench
liquid and hydrogen introduction on top of each catalyst beds. This results in



In Figure 1 the hydrotreatnent reactor 100 conpri ses
two catal yst beds 10 and 20. Fresh feed 11 is

WO adoroeBreed as streans 12 and 13 on the cat al yRtT/BROB/050301
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10 and 20, respectively, and hydrogen as stream 22 and

23 on the catal yst beds 10 anﬂ)ZO, respectively. The
fresh feed stream 12 is first"'m xed wth the

hydrotreat ed product recycle stream4 1 and quench

liquid stream 43 and the resulting m xture 31, diluted

i ninprevad: eenirdl eafdtheoreaetinny tammsratutesing thencataly stobedseando hence
th : cgitﬁ\el ){]fs?t tfeea 1(}%& allcrt]i Iqrder to obtain a required

su E)rHuF co g%sn]i Sl9°05 ™ he feed stream 31, required
anmount of sul phur nake up is added to the fresh feed
stream 11 via stream 15. As m xture 3 1 passes through

t hin Kigurg| lythe hydrgtreagment reagtpe 100 cnmpyisss 59 eatalystbeds 49 and 20.
aCkflsh 204 1134 ifr@filoll BCSHAR 195hdOf3 bl el daBilihe 810 and 20,
stream are converted to the correspondi ng reaction

pr regpeetisely Aaid\bydrbgeseassitreamn?2B and 23 wint thel rcatatysf bads thand 20,

Fresspectiuely. Lo Ban1od! SN LR ST Pisod el Idrageteharoduct
hy Qe e hh SAMRB quditd fiQhiEdheXAPT ahil GH ‘iies'ﬁltﬁ{g?iiﬁ(ture 31,

33, diluted in the.qfur esh feed concentration, 1s then
i ndilwellpethe dresh Heedcaunaéntstioneid thdh mtrodectdasdthe catalyst bed 10.

tepper,at ure due to.cqol | ef fect of .the rogen .
L EHE 1t & et ShioPl EPrcF it f e hSEHER 31, required
C afmbiiit tof B@PhwUnaRuy isRaldd/tovthé RESIPREA 5@ 1 N€ia stream 15. As
catal yst bed as a product stream 34. The stream 34 is

separtareel] passasdhepugh s casalysded 39 veithi thei hydrages tstrearm23sfatty
e Ay ETEEAMS: SERRI AL P sl P2 e LOROAR e

t r edtd3poridindadatbti® piddacts] fUiwd-shiase sfitan® 30 Ss fethdedvad fiogh the
the reactor 100 as recycle stream 40, which is further
di battasp of theratalivst bed 4@ andin mixed 3yith thefrgsh derdntieam; kyiqgench
st y; The., . Gu (AU r{a ' Jc .
¢ nAFRT fteorn Q0w 60 Mgkl ol (B2 T Folrfod P iighld miwtore
ef 33 adilucmd ihitke fregh fdfed tcbacenarhtidny 58 tHeadatrddiicadhdn 2he catalyst bed

Hydrotreated product streamb 1 | s directed fromthe . .
e 8 FR oL PR ceria onBRS ElffB“éé)éfstﬁﬁ%‘}’g‘?ﬂém quench liquid
cajid fsdh &S ?)aigsgccl) ?ﬁ?tﬁ@pthg%ﬁtaﬂ%t bAFSS &l fifhlkNRitRESRn from the

pressure vesse
catalyst bed as a product stream 34. The stream 34 is separated in to a vapor

stream 35 and liquid stream 36 in the high temperature separator 101. Vapor
stream 335 is rich in hydrogen and is directed to further treatment. Part of the liquid
stream 36 is returned to the reactor 100 as recycle stream 40, which is further
divided to dilution stream 41 and total quench liquid stream 42. The quench liquid
stream 42 is cooled in the heat exchanger 102 to provide adequate cooling effect
on the top of the catalyst beds 10 and 20. Hydrotreated product stream 51 is
directed from the hydrotreatment step to further processing.

The catalyst beds 10 and 20 may be located in the same pressure vessel or in
separate pressure vessels. In the embodiment where the catalyst beds are in the

same pressure vessels the hydrogen streams 22 and 23 may alternatively be



separate pressure vessels. In the enbodi nent where the

catal yst beds are in the sanme pressure vessels the
whyaroegem streans 22 and 23 may al ternativel y PCT/FI12006/050301

bei ntroduced on the catal yst bed 10 and then be passed

t hrough the catal yst beds 10 and 20. In the enbodi nent

where the catal yst beds are in separate pressure

vessel s, the catal yst beds may operate in paralle

mode Wi th seBarate dilution streans, hydrogen streans
5 antntrgdegedron the gatalyst bedaksandithen he passed frough the gatelysbids 10

ma one Oor t or re than two.. The sul phur ke
ptn 3o i erPaionlirtes 8 skt BR PSR Sipafig prossure
t heeskdls; sthe faedlyst the@a Mallopefhtt €ih NRrdlleE Inyoder ®ithi sepatate dilution
amount of sul phur may be fed with the hydrogen streans
22stegamsp Bydrogem seenmas and grenchcliid shepms; chheasumbay ofgeatalyst
Su [ J—%@r ' he hydrotreating reactor
intggégﬁgbo fﬁg$pﬁggpéfﬁ%%ﬁw'ydrogen consunpti on.
10 During the hydrotreating step, triglyceride oils,
f ci ds and derjvatjves thereof are al npst )
t nEed @ﬁplamﬁwmé ¢ BYFITPECAImERY ST RY Bentidiigedsyith the fresh
al 1§ tstrlhrh NAUAIRIBIVES A FdGuReS anfdidll b ANBhrYmaPbeRBA Syith the
is formed fromthe glycerol part of the triglycerides,
wahwirogendst@@msn2l end GO iy gaseowsy bulphuri conpopnd rsuck a§ hydrogen
fro or%ani c sul phur conpounds and NH3 from organic
niT3@Hg conpounds. Using the above descri bed
15 procedures in the hydrotreating step, the tenperature

needed for reactions to start up is achieved in the
beHydnoeenyisofd éathe hydrairepting pragtor ithexcessmgicthe theoeetical hydrogen
i ncrease..| he caf al s s | imted. harnf n

e arpyoL R 3 1Bl RRS bipr b Ee 1Ay 30tds an

avédrilativenthetdo€ aéahimhgss tthdordtizallg converded n-paraffins without or
consi derably. ‘The tenperature at the end of the

catlmoyswithert side reagtions| fdédjtingellye prapene isoformed &iomyoths glycerol
20 glnﬁart: Bf {hQ%riglﬁf%%n}iaeg,O%a{ep End COM A8 (ggze ﬂronp?eﬁg )iyl_i’@ %é(?rgen, H,S

ution ag e any hydrocarbon ava
bi fromgoahic csulpghiun compoomdsbamal dOFH;cdmosrggnin . nitrbgemacompounds.

al so. be, recycl ed product fromthe process. Fresh feed
coPiaihe b %és‘%(qd&trawdv&‘édy the naSrEatin sam thotemperature
W 5 &ded ForlBEctR0O B sthrt UBGY Géteved iH IR bediuRlfS 6F each catalyst bed,

recycl e/fresh
the temperature increase in the catalyst beds is limited, harmful and partially

25  converted product intermediates can be avoided and the catalyst life is extended
considerably. The temperature at the end of the catalyst bed is controlled by net
heat of reactions and to the extent of the dilution agent used. The dilution agent
may be any hydrocarbon available, of biological origin or non-biological origin. It
can also be recycled product from the process. Fresh feed content from feed (total

30 feed) is be less than 20 wt-%. If the product recycle is used, product recycle/fresh
feed ratio is 5-30:1, preferably 10-30:1, most preferably 12-25:1. After the

hydrotreatment step, the product is subjected to an isomerization step.
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feed ratio is 5-30:1, preferably 10-30:1, nost

preferably 12-25:1. After the hydrotreatnent step, the
w@emdunel7od s subj ected to an isonerization PCT/F12006/050301
st ep. Feedst ock The bio oil and/or
fresh feed in the process of e

originates fromrenewabl e so

fat used as the
present invention

ces, such as fats and

oils fromplants and/or aninals and/or fish and
conpounds derived fromthem The basic structural unit

of Feedstagkcal

useful

tri

pl ant or vegetable or animal oil/fat
as the feedstock is a triglyceride which is a

tﬁ%@f lgang%rry el{?? a%%g&@ﬁ{\] i{)ﬁ ?l%e},%o%%is Sg&i%:pggsent invention

foéﬂ%&he&ed fron® renewdBle Iouré‘eS' e Qs NMats add oﬁ"srﬁ'&hul?lﬁnt@fand/or

yceride In fornula I Rl, R2 and R3 are alk

C h@mmgls angdfar fish eind somponeds derivad dﬁrom them. @Thyd@smcs@@cwaé unit

t v rb n

T rtaPieiplin 3t \eBiE o um P R B AR, ferggork s o
gr eighrcerid® iwhiyh Glltricstet Bﬂgly&‘r@lmﬁh giree mtachMhlby having
Cl15 or C17 al kyl _graoups. ,
caﬂﬁéﬁuﬁﬂﬁﬁﬁﬁwﬂﬁébﬂ3wﬁbﬂqgﬂgﬁhggéaélkyI chains can be
ed, unsaturated or pol yunsaturated. Suitable

bio oils are plant and vegetable oils and fats, ani mal
fats, fish dils, and mxtures t he
aci ds and/ or
materi al s arfe

sat ur at

veget abl e- ba

colza o
soybean
nmust ard
oil, as
of gene
tal |l ow,

il, ¢
oi l,
oi |
wel |
mani

and R3 nay contain

fatty acidjesters. E
Hod- base an ot he
sed fats’ “aAd oils sud
aﬁo]muﬂl tald oil,
henpseed orI “olive
pal moil, eanut oi

reof containing fatty
Fxanpl es of suitable

r pl ant-based and

h as rapeseed oil
sunfl ower oil,

oil, linseed oil

, castor oil, coconut

as fats contained in

pl ants bred by neans

pul ati on, ani mal -based fats such as |ard,
t r ai Forgiula 1. $tnotturaéfdriglymetidd ned

In formula T R;, R, and R; are alkyl chains. Fatty acids found in natural
triglycerides are almost solely fatty acids of even carbon number. Therefore R;,
R,, and Rj typically are Cs — Cy; alkyl groups, mainly C;;-Cy9 alkyl groups and
most typically Cis or Cy7 alkyl groups. R;, Ry, and R; may contain carbon-carbon
double bonds. These alkyl chains can be saturated, unsaturated or
polyunsaturated.

Suitable bio oils are plant and vegetable oils and fats, animal fats, fish oils, and
mixtures thereof containing fatty acids and/or fatty acid esters. Examples of
suitable materials are wood-based and other plant-based and vegetable-based fats
and oils such as rapeseed oil, colza oil, canola oil, tall oil, sunflower oil, soybean
oil, hempseed oil, olive oil, linseed oil, mustard oil, palm oil, peanut oil, castor oil,
coconut oil, as well as fats contained in plants bred by means of gene
manipulation, animal-based fats such as lard, tallow, train oil, and fats contained

in milk, as well as recycled fats of the food industry and mixtures of the above.



in mlk, as well as recycled fats of the food industry
and m xtures of the above.Bio oil and fat suitable as

wo e@gho¥7eed may conprise ClL - C 4 fatty aci ds, PCT/FI2006/050301
derivatives thereof such as anhydrides or esters of
fatty acids as well as triglycerides of fatty acids or
conbi nations of thereof. Fatty acids or fatty acid
derivatives, such as esters may be produced via

hydrol ysis of bio oils or cty their fractionalization
5 or Bior atlsansk &t suiteblei am fresladeed mayotomptisyl (oer @esfattyn acids,

(gerlv ég%st ?{}gelﬁgo c%l é%tc?ngwgﬁlcielsvg%?@rsa% H aﬁﬁ e:«ﬁ:'l(is as well as

f Oirigwefidesr 6ﬂﬂitﬂyea[6ﬁ1%t6r cobliinativhs i théredtl, HFattl aeidarvd fatty acid
al kaline earth netals, calcul ated as el enenta
al SetiviaHuess erhaasiestern Bag Deodrsed via hydaiolfyﬁé of biejoilssor by their
be f sably bel ow
? hifliobz PR o Aol B MOn Oig B Y 0
u)elenental metals, in the feed is belom110 preferably

be] ow 5 and st preferably below 1 w-ppm The a t
of L’p‘PFéﬁ’bqu’Vl? catalbe leastbiatian a%qh BRdssired Sl&ﬁ 6%%%@10 fged shal
be!:(ﬁﬂblgq&}_tlﬁ’ rtﬁ‘rg IR Mg k?@ilﬁl‘é’m]eﬁtsaﬂe "BsdunP ro?fa‘ﬂfa"ﬁl% yand alkaline

bel ow I n man ases the feedstock, such
cr eadth Ipeta}st capéulatod asacicmantal‘ aslkahnesand elkaoé carti metal-s murbh feed

 niSPefE 10 BHEBREONE™ By bt PP el S g Tre amount

15 SUbt @Rm&ER, QlculREEasSlBMmeRthl BBRAls, Ritht fécaat bolow 10, preferably
pr ocedur es bef or e i ntroducing it to the hydrotreatlng

stleglowf Stand proge preferablyahelows 1 oW-prowre The rameovnt qifaphosphorus,
pr a‘iﬁﬁ&g& As %E Gf‘ne%aq hg%% ?tf 5 fgv\éelo%%%gﬂe%&a&f ‘t%{l/og{)tl 8 fand most

S And
phmtﬂaﬂﬂybelcwrmmmﬂﬁ_, such as phospholi pids. Sol vent
extracted vegetable oils often contain significant
anmounts of gums, typically 0.5-3% by weight, which are
no t p ef.or: .

20 ol ke CREP IR el Rk DARR IR Sk GG RFLLIE g8t suitabl
anasmaich fiatpsodessing bevaudeooft lﬂgh\nﬁpuﬂmymhmlnt pind] thua rihie feedstock is

met al.s prese n crude.oils and fats. Iron and _ al s
ot Hgfer Yapgﬂﬁféi/ U5iPeorWERhlY PRE { M M@megRventional  purification

MebRbeRRES BRAYE diﬁtrﬁ&f&i’ﬁge)iﬁsto e yd@olbAmg EPUBE R process.

iron I's capable
Examples of some conventlonal procedures are provided below:

25
Degumming of plant oils/fats and animal oils/fats means the removal of
phosphorus compounds, such as phospholipids. Solvent extracted vegetable oils
often contain significant amounts of gums, typically 0.5-3% by weight, which are
mostly phosphatides (phospholipids) and therefore a degumming stage is needed

30 for crude plant oils and animal fats in order to remove phospholipids and metals
present in crude oils and fats. [ron and also other metals may be present in the
form of metal-phosphatide complexes. Even a trace amount of iron is capable of

catalysing oxidation of the oil or fat.



cat al ysing oxidation of the oil or fat.Degummng is
perfornmed by washing the feed at 90-105 C, 300-500

whRagad37om t h H3PO4, NaOH and soft water and SPEBFROI6IG0301
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the formed guns. A nmgjor anount of netal conponents,

whi ch are harnful for the hydﬂﬁtreatnent catal yst, are

al so renoved fromthe feedstock during the degumm ng
stage. The noi sture content of the degumred oil is
reduced in dryer at 90-105 C 5-50 kPag ). A )
f ePaguroakng lwcr«fwmeﬁ bypwashing thy f@é@uﬂﬂé 58€, 35 HekP4(), with
angther ach the

o1 Bt NGR Bl asd et B soPRARE P BA6 Bime. Aspamgunt of
anghetsl Xx6ahpwhdns, Noltich ate BArnea) ﬁnathélhyaf(ﬂtéaﬁh@@(ébta[}@t are also
clay. Bl eaching renoves varjous inpurity traces |eft

f rtsmqy@% dronpthet feedstopk duringdhe nglR@n@égﬁﬁﬁﬂ% nighe pishire gontent

oXl %I%“Bﬁ&gﬂgg Hlt%eq%%fjgép ing | sq:? p| ca ]I@Jl(@ CZ??P:d

out under vacuum to mnimze possible oxidation.

Cene aII oal of ching is to reduce t he col or

pi 6n’[§ﬁ‘tl% I %105?1'&»6 aeelra?g?e% iOF Tgfineg nANOH5F gonventional
COkQYy, M bE Ooléa%ﬁéﬂ? qnt He b‘i’é&bﬁiﬁ% 1tRE dE@HHﬁ@& 36r %ﬁ&!dl feedstock is
ptionally the triglyceride structures of

f ebeitadoakd rmy(edewdhcmtpmésu heidjactvatett dzj@qhmgn glayh @leachmg

N RS oTHRpS DAL bage AL GoPnaUGF Bvedent’ Schs Tk

hy gégaefRmy J SitAt 4088 otoPh @Il Aotk Roid, %)h%ﬁﬁhogﬁﬂﬂ rﬁetﬁBngoaps and
pol ymeri sation of unsaturated tri g ceri
pr otdaipnaprodudls. ifjeachingnhis typicalln ¢asrie gutpmdter muam tp minimize

o0 BEOH RGO ity Bk B AR Fl oo e bOpgments

f aint gtd@rto Peodutd s oitlo$ acdeptabreaiow a8@ ealfadugthe akRlatioriltendency
oi | s containing significant anounts of free fatty

acPil can be processed without the renoval of free

fatty acids. In the follow ng the process according to
the invention conprising a hydrotreating step and an

[ sﬁpﬂmnaﬂslqt thertriglyegrides stehetures o€ dhe lﬁeedntbek may be decomposed by

det aj draotrcati f bip oils and fa
preilydro enagng (Po%bi) bonds using reduced reactlon temperature with

NiMo or other catalyst, prior to the of by hydrodeoxygenations in order to prevent

double bond polymerisation of unsaturated triglycerides.

The process according to the invention is particularly advantageous when the
fresh feed contains more than 5 % of free fatty acids and even more than 10 % of
free fatty acids. Thus also naturally occurring fats and oils containing significant
amounts of free fatty acids can be processed without the removal of free fatty

acids.

In the following the process according to the invention comprising a hydrotreating

step and an isomerisation step is described in more detail.



In the first step of the process, i.e. in the
hydrotreating step, fatty acids, triglycerides and

wo@tdenofred ty acid derivatives conprised in thePdBEROGI050301
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deoxygenat ed, denitrogenated and desul phurisated. The
feed conprises fresh feed andF@t | east one dilution

agent and the ratio of the dilution agent/fresh feed

is 5 - 30:1, preferably 10-30:1, nost preferably

12-25:1. The dilution agent is selected from
hyHydvetréating ofiio pidegrd &ads pr oduct of the process i.e.
product recycle or m xtures thereof. In the

hydrotreating step, the pressure range nmay be varied
betnvgign fit6t sop dSehebprocesd) aferiabthg hpdroseningOstapd fak0 acids,
bar, and the tenperature between 200 and 400 C

pr &igbycspdss wadwethsr 2By apeid3derivativeyl eRznrisgd eitethe)| feed are

be I hat the
se@%%?ggﬁgg’ggggé%%%%9fé%§%%l%@Hgng&the deoxygenati on

t hrough decarb-reactions can be pronoted during

hydr otreati ng over  the hydraoteatnment catal yst, by .
us%}@gwﬁﬁmgwﬁq%ﬁgedoﬁfgﬁ leasp ee%)gﬂww%ﬁenbm @Fa{m of the
1 Oﬁ)iQitﬁ)QiQa%eﬂWﬁH%mfeéaQ? 5 3 (ﬁf,%&@llaﬁlyzﬁﬂﬁb:ioﬂgstgm 12-25:1.

sul phur 1'n the total feed, calculated as e
suThhdilutioth egempas istlected Urgrh Lhydowatbons and reépelddeprpdinet of the

abl e to.doubl.e the extent of n- affins fornmed by
- oBGF 5 PTERE! IR S A HES BN AL | on of

triglycerides by decarb-reactions can theoretically
| ower the consunption of hydrogen about 60% ( nmax)

c olpthe dyydygtrenting, plep.oibe pyepewratrange 19y by vegedhetwaen 28and 150

ong. _or ' L.in i h

oplro RSPy BeolsaR 39 Tof Bi? R e SRR Rvesne2qong 400
t o°@ChteRY 1Y HetvitRf i 7500arUS T BC #mANTheAtprefbhdly BOW@BNI280 and
sul phur conpound can be for exanple H'S or el enental
suB%ﬁ@r or the sul phur conpound may be an easily

deconposabl e organi ¢ sul phur conpound such as di et hyl
di sul phi de, carbon disulfide and butyl thiol or a

m Kt whe folinde digit | e eernoispifedatreactiond| #fduthe deoxygenation
Cophggu%?ld S&eca{r{o-ré:eﬁ:tiglllss ocagosﬁgi l13)1|'oem(§tgd u(?ue;inrgefhiyl(}ﬁ)rtr%a‘%gs over the
hydroteatment catalyst, by using sulphur content of 50 — 20000 w-ppm, preferably
1000-8000 w-ppm, most preferably 2000-5000 w-ppm of sulphur in the total feed,
calculated as elemental sulphur. The specific sulphur content in the feed is able to
double the extent of n-paraffins formed by removal of COx. Complete
deoxygenation of triglycerides by decarb-reactions can theoretically lower the
consumption of hydrogen about 60% (max) compared with pure deoxygenation

by hydrogen.

At least one organic or inorganic sulphur compound may optionally be fed along
with hydrogen or with the feed to achieve the desired sulphur content. The
inorganic sulphur compound can be for example H,S or elemental sulphur or the
sulphur compound may be an easily decomposable organic sulphur compound

such as dimethyl disulphide, carbon disulfide and butyl thiol or a mixture of easily



or liquid streans containing deconposabl e sul phur
conpounds. In the hydrotreatnent/hydrodeoxygenati on
waee@p/ookopwn hydr ogenati on catal ysts cont ai ni nECTERI6H30301
fromGoup VIII and/or VIB of the Periodic System nay
be used. Preferably, the hydrﬂpenation catal ysts are
supported Pd, Pt, Ni, NiM or'a CoMo catal yst, the
support being alum na and/or silica, as described for
instance in FI 100248. Typically, N M/A 233 and
5 Coflesonipesable atganigsulphyr eompewnds| K ipplde possible dousoteliniey gas
increase of te rature resulting fromthe
S SRR e SR e oDt Ao s i de
reaction formation, an inproved reactor configuration
Is_presented in Figure 1. The hydrotreatnent section

c ol theslyudrefrratmentihydrodeepygenafionpery knewaehydrggenation catalysts

di -0 {0t r ti t he |

cattfeiBReRagRl il QHF I aRDol U PN ohfiflc SyStin may be
10 hyasedgPreferatily,ole biydrogematioh @ptabyfstseae bupgpoirtet] Welf PHAISNiMb or a

r oCgMocgaa gty B snonast pEng alipinn st Gostica. s dpiopgEH Jor instance
10im3§: thoaupg! T:@ﬁzfall?,rﬁﬁ\%/ﬁ@zu ahd C%/Alzo?&stagé{s%élﬁkﬁ.

beds can be cated 1 n sanmeé pressure véssel® or eac
bed in a separate pressure vessel. Hydrogen is fed in

exgcess to th eareti cal..chem cal hydrogen .

o fieaTiet Rtrtal HE AhcTest R PR SR A BRE 25 the afprpmeptioned
15 al fRastions Odvat Icktalyst bedls 8AE Rideatcabiicit fdRMtioMSAN InpRREE reactor

procedures, harnful, partiall converted produc

i neanfigitition ds presented,ini deure k Hdethydintreatment sertion sampyiges one
reaction 113l LI n.l| acql . | 0)
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Cogdtalost d dnd fréh Read,adeyyidle ﬂigﬁlﬁ anddhyidiézepain@bisdtioh i dnetop of
is inmproved considerably. Hydrodeoxygenation of

t r faghy ceplysfe dednclli ithexrdilition nageat | is dPrpdueinmsesycle; dhe oproduct
th j [ | . t |
20 {EHILAEEILS BOhR LA, R AR, S onopl ol ey 12-

t h25:toThe odthlyst beddrcah hedbeatett in sanghprebsyekr vesaelbamneachrbed in a
gases forned, main opang,  water, CO , ) H S and |
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di ['ution can preven
within each catalyst bed. Using these procedures, harmful, partially converted

25  product intermediates are avoided, the temperature needed for reaction initiation is
achieved in the beginning of each catalyst bed, the rise of reaction heating is

controlled in the catalyst beds and the catalyst life is improved considerably.

Hydrodeoxygenation of triglycerides facilitates controlled decomposition of the
30 triglyceride molecule contrary to uncontrolled cracking. Double bonds are also
hydrogenated during the controlled hydrotreatment. Light hydrocarbons and gases
formed, mainly propane, water, CO,, CO, H,S and NH; are removed from the

hydrotreated product.



or remarkably decrease the reactions between free
fatty acids and the formation of high nol ecul ar wei ght
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(product recycle):(fresh oil)-ratio was used. The

effect of product recycle is sed on two phenonena:
dilution effect of recycle and nore controll abl e and
reduced reaction tenperatures used over catal yst bed
duri ng hydrodeoxygenation. Hi gher tenperatures and
esBamsapmpyisingly ehserved i examples/that predugiregysleedilution can prevent
ketoni sation,reactjions. .Due to this Lnventd ong Jits 1S ..
poleiepRIkeply drseale 1 dfietiony pendenplros fely 3¢ 1ds B e fgprdation of
W high Uinoldeglah eeighto cbﬁEBMﬁ]sf aiifing agtftsreatiid, ewhéhat least 5:1
hydrotreat nent ste t product is subjected to

1 e an .
i sGweRuck BacyelR)-diesh .gﬂ)-gaémwaw@d-o?heﬁfqut phpradygtgecycle is based
f oGy 911&10%119:3/&%&1&{05?&%&3{38% recPelt Afid S50 2ntidiEBICdnd fduced
process; 1.€e. In the 1sonerizati on step, I soneri zati on
| Sreaetion techpetatureduseld wet satalybr bedcdiring lofdrédeexygenation. Higher

eSS el 15, ol g 65, B9 DS o

| SRABdns able o pﬁg MeRBoR iE HOPASANY {oVudtldibhs REEBGNESbio oils

The severity of 1sonerisation conditions and choice of

cadmal fasst witlowt thed reeed e reampgrfbtty hcids tAfdr the yndrdtesatrhentrstegp, the
and thei.r i.stman[ce f.rom each gt her and therefore cold

pr B98Pt bjgetag 18 anisemeriZaion §ieRy  pr oduced. The

product obtained fromthe hydrotreatnent step is

i sonerised under isonerisation conditions with an

i sbemerisationof e-panafjias formed dering bydeotrea¢menti ng t o

the invention, the feed into the isonerisation reactor

is a mxture of pure n-paraffns and the conposition of

| tIncthe sbéondr teh 6f @ frocows,tike i e ¥ometightidh Stdp, INoimePiRation is
of individual bio oils. During the hydrotreating step. .
of carfied b duch cayses| Branchinge obithe hydtpcerbar rchaiy and gesults in
der | . . . e
corBld PR Al o BRI BlIS M Pabndali A Rolnfrisation
f oprodacelsr pnedolanayitlyc enethylp diranahes.t rThgl wewritdesf watnerisation

and fro ar boxylic oxygen, HS from or i C

s UPPISEHONE aﬁ{ﬂsﬁmgo Ffe RS IEI (BF GAHE! of Pryepranches formed

COgRPHRASdistahcd from each other and therefore cold properties of bio diesel
fraction produced. The product obtained from the hydrotreatment step is

isomerised under isomerisation conditions with an isomerisation catalyst.

In the process according to the invention, the feed into the isomerisation reactor is
a mixture of pure n-paraffins and the composition of it can be predicted from the
fatty acid distribution of individual bio oils. During the hydrotreating step of the
process, triglyceride oils and other fatty acid derivatives and fatty acids are almost
theoretically converted to n-paraffins. Additionally propane is formed from the
glycerol part of triglycerides, water and COx from carboxylic oxygen, H,S from
organic sulphur compounds and NH; from organic nitrogen compounds. It is

substantial for the process that these gas phase impurities are removed as



substantial for the process that these gas phase
inpurities are renoved asconpl etely as possible before
wo bm7lyxdoocar bons are contacted with the i sonePCRBERD@INF0301
catal yst. The isonerization step nmay conprise an
optional stripping step, whergjn the reaction product
fromthe hydrotreatnent step y be purified by
stripping with water vapour or a suitable gas such as
i ght hydrocarbon, nitrogen or hydrogen. The optiona
5 st eomppletely sasepobsibleabefore] that hydroeashomserare ugondanted with the
nannegﬂuﬁb% ugi% upstream of the isonerization
caFgrys%, WEarech t he gas and liquid are contacted
with each other, or before the actual isonerization
reactor in a separate stripping unit utilizing the
colibR dyomanizatioht siepi MaY FOBPISe aheptionalsirippig; Fep.swherein the

th S j i 0 - s .
or SpEEEAE o ek ¥ bl b lpar b2 bRy stipping with
10 t ewpter abpowe orar suitablogiassach 200k doéiarkon, piteigen @b hydrogen.
be,tvveen ,28? and 400 C. . In the isonerisation step, . )
i sbheopUoRal SHRPINEGFIFRLIS JeHRRNOYNin FRINETICURREY! Bty  unit
SupdABhR JISRERORAARh EALIPHY HhreiP iHeAdd dhd TRIuRF HeBlontacted
sieve and/or a netal selected fromGoup VIII of the
Pewitbaach dthbt, ®r dafire thezactml isomerizatiosf wactbt in a sdparate stripping
i songer i.lsat i on cat al XSt ont ailns SAPCG- Il or SAPC 41 or
Z SHRoUtng 8k countes: ‘Fé“l”fPré’P‘il? & and Pt, Pd or Ni and Al
15 3B or SiO. Typical isomerization catalysts are, for
exanpl e, Pt/ SAPO 11/ Al 203, Pt/ ZSM 22/ Al 203,
Pt hggmszmemsezm staral Rt presamE-variesinhe rangp of 20,1150 bax preferably

catalysts r ' he presence of hydrogen to duce, o
C i ke a1 DO RS P Ve Fordsl AP 500 -,
Whjelerdbly BetlWedh 98¢ o] 46y @ched hydrocarbons and
preferabe branched paraffins boiling in the range of

180 - 35Q0C, the diesel fuel range, and having one

caybon .atom |l ess than the origipal fatty acid chain
20 7" ShnofBe FrRerisatiy ieporamPysL Bty Kindna ot 280 gy bpased.
obg @itdbeisbYheAL: BH RataBfstst QRN Y A1 RUr K& i dAYRR bR Al selected

provi des a nethod for reducing the formation of higher
nofremy|Greup VIII of the Periodic Table and/or a carrier. Preferably, the

isomerisation catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-23 or

ferrierite and Pt, Pd or Ni and ALO; or SiO,, Typical isomerization catalysts are,
25 for example, Pt/SAPO-11/AL0;, Pt/ZSM-22/A1,0;, P/ZSM-23/A1,0; and
Pt/SAPO-11/Si0,. Most of these catalysts require the presence of hydrogen to

reduce the catalyst deactivation.

An isomerised product, which is a mixture of branched hydrocarbons and
30 preferably branched paraffins boiling in the range of 180 — 350°C, the diesel fuel
range, and having one carbon atom less than the original fatty acid chain, is

obtained. Additionally some gasoline and gas may be obtained.

35
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obtai ned fromplant oils and animal fats and which may
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that the problens of prior art processes nay be

avoi ded or at |east signifi calrbtly reduced by the

i nproved process according to“the invention,

conprising a hydrotreatnent step and an isonerisation
step wherein product recycle or another dilution agent

i nAﬂM%nlhgeﬁerttEeinmﬁpnst ep in conbination with reduced
operation tenperature result in inportant

i nprovenents, particularly when the fresh feed
COThQinVentiéH Srobides a mevhdd &r I‘E(ﬂlﬁﬁlcg fhe tfgrnadtiofiSof Migher molecular
speci al reactor caonfiguration and high dilution_ of

f r weight eerapounds dutieg dha hydsotatmentrafa faed tobsgied Gem plant oils
th et i r .ans i s decreased
an%dtg%gglsfg S@?t@ﬁélf&%%? é‘?t_\%‘?t% &%%&%nydr otreating is

i ncreased during the hydrotreatnent step. In the

exanples it was_be seen that the ratio of at least 5:1,

( r Boyasisumrisinghy fosnd that iﬂafaWPHFn&é}frpé@gaa DrORes§es Myt feopyoided
of oia@Ned¥P | sHaiHh &htlyefeg&edpb?dﬂietﬁnprmn gkﬁ@ssf ﬁ@ééﬁ&iﬁ% Kio the
contains 10 W-%of free fatty acids (cal culated from

f r mgbnt@in, cpmpsising edhydosirengment dtepasnd Bn lisoreerjsotien s@pi wherein

and reduced reaction tenperature, free fat aci ds _can .
DTS e CEgTe0f Hte AT FRigh Feght dRadiectyiosBrpint S in
H gdinbiHatidnt Y withdr R88¢da0 NgpetiteorO Diethpeesures Utek@P! 6n f Gfportant
the diesel fuel pool with high yield. The invention is

i | impyoyemends, partichlarly ovhenthe fresh tagd seatains arorp thanchwithhf free
sope . preferab i, Een f e_invyent 1.an.,: ,
Ry e TR OHE el o R o RRCHE foed
scipedadedt o i Hydeiticaticnt Sard QisedEianthet mettdd| iThet ededtoof side
t hese exanpl es. Exanples Al hydrotreatnent tests were

pefeRelians dis deqrpased r ansle tce stability defo Gatalysk slwping hydrotreating is
Co I Ve m} id..feed (100 %ree fatt
acilﬁg%[aggdvﬁ (%(%(1)1 gt pr o(%ot}_@a!trberﬁ stop ( d

uct recycle

In the examples it was be seen that the ratio of at least 5:1 (recycle:fresh)
significantly decreased the formation of high molecular weight products, when
the feedstock contains 10 wt-% of free fatty acids (calculated from fresh oil ) is
used. Using at least 5:1 recycle ratio and reduced reaction temperature, free fatty
acids can be processed without the need for deacidification. High quality

hydrocarbons are obtained, suitable for the diesel fuel pool with high yield.

The invention is illustrated in the following with examples presenting some
preferable embodiments of the invention. However, it is evident to a man skilled
in the art that the scope of the invention is not meant to be limited to these

examples.

Examples

All hydrotreatment tests were performed in the presence of hydrogen.



Hydrotreating of tall oil (100 %free fatty acids)
wth Nl Mo catal yst was carried out at 50 bars

w@e@smed7ey LHSV 1.5 and reaction tenperatures PCDRI2006/050301
340- 360C wi t hout product recycle. Hydrogen oil ratio
was 900 normal liters H per loé er oil fed. The
hydrotreating of tall oil ofree fatty acid feed
caused rapi d deactivation of Ni Mo catal yst, and
formati on of heavy wei ght conpounds and aronmatics was

5 obEsample 1. €ramparative gxamaplei ncr eased during the run
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hydr ot reat ed "product oi | usi ng | ower
10 r ewdthowrproduep escatler Hydmﬁempﬂ mthwals Peoornuah liters H, per liter oil
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t eaRRTIPItONSSE MIND Udtalyt, Oﬁidcfoﬂhﬁﬁd& b€ hetar Relphtbmpoids and
tall oil fatty acid feed (100% FFA) at hi gh reaction

tearpmaacsm@é orerveds Browminec mdex@d ingugased tduoing the omoceven if

r e{:e}/ﬁ: Fa‘turR%Bhﬁelqs%agﬁ of aé]t?lo as 1% gb(F ag%ﬁdeak?/ %Jro ur&g oil contained

f of I on o eav nmpoun I'CS wWas
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nificantl her than_in raPeseed oi | runs
859 Ehpof ypr ft ‘P Wasghigl) 77 T8b tke/ma} (compasel p iypicalav#pgs with
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I on o erved
t ateimpetaturb wdd optirazred ngactitrocinditidhswt - % heavi er

nmol ecul ar wei ght conpounds and 8.1 w-% aromatics were
formed. These side reactions are caused by

20 coEgﬁgg[eaj %xﬁ%{eﬁa v@eifinpreed and too high reaction

tures activation of catalyst is clearly seen
fr 'Eall oildadtyp aciddedst 08D %e FFAJ ek bigh ioactiomteniperatures without
saprafuet reryyleoper ati on brom ne i ndex shoul d be bel ow
50. Table 1 describes densities, brom ne indexes,

Hydrotreating of tall oil fatty acid feed (100% FFA) at high reaction temperatures
25  370-385°C was carried out without product recycle. Rapid deactivation of NiMo
catalyst and formation of heavy weight compounds and aromatics was observed.
Density of hydrotreated oil (table 1) was significantly higher than in rapeseed oil
runs (typically 761-762 kg/m3). Both oils contained mainly C18 fatty acids (~90-
wt-%) and rather steady formation of water was observed during run. During the
30 tall oil hydrotreating about 7-8 wt-% heavier molecular weight compounds and
8.1 wt-% aromatics were formed. These side reactions are caused by concentrated
fatty acid feed and too high reaction temperatures. Deactivation of catalyst is
clearly seen from increasing bromine indexes. During the satisfactory operation
bromine index should be below 50. Table 1 describes densities, bromine indexes,
35 reaction temperatures and water formed during test runs for 2 to 14 days using tall

oil fatty acid feed (100% FFA) without recycling.
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reaction tenperatures and water formed during test

runs for 2 to 14 days using tall oil fatty acid feed
recycling. Tabl e 1. Exanpl ePGI/F12006/050301
(Conpar ative exanple) Effect of metal inpurities of

bio oils on the catal yst perfﬁr mance Tube react or
hydrotreatnent test runs were carried out using crude
rapeseed oil, crude animal fat and purified rapeseed

oil. Analysis of these feeds are shown in Table 2.

Crlighdeleeds contai ned significant amount of netals,
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on to the catal yst also pronote side reactions |ike
deggglggﬁaggté@mpargﬁ{@gxml%ptreat ment test run was
carried out using crude rapeseed oil. Purified

r affeetaf myéthl inspuritiesf Hio eily @f Greanatalystqedformanicé | ed
rapeseed oil achi eved conpl ete HDO conversion at 305C

U S5 e B B e b s o,
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fromtenperature profiles over the tatal yst bed that

f i Tahle BaCtudeffeetatcantpined wignifthantamernt ofl metals, cggrnidk plyosphorus,
In Fi.gure . 4,. reaction t r r rofile ove

c oI P irbER ePpaianeutint el donafel SBly gmee lovels of
pras itisgcond hydrotreatnment test run was carried

out using purified rapeseed oil and

Table 2. Impurity levels of crude and purified plant oils and animal fats

Impurity Unit Crude Purified Crude
Rapeseed Rapeseed Animal fat
oil oil
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; — 90 N() 162
Metals (total)
ppm 33 7.2 1125
Org.nitrogen
Wt-% 0.8 0.7 10.8
Free Fatty acid, GPC
mg KOH/g 1.0 0.1 21.5
Total Acid Number
ppm 110 <1 86
Phosphorous v RN
ppm 3 1 85
Sulphur (original)




crude animal fat. Purified rapeseed oil was used as a
reference feed. Purified rapeseed oil w th product
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WHSV=I. Crude aninmal fat with product recycle did not

gi ve conpl ete HDO conver si on 305C using WHSV=I. It

was seen from GPC anal yses t product oil contai ned
triglycerides and catal yst also significantly

deactivated during crude aninal fat feed. Punping

pr Best anss weing adrade, apperified ods/fath gh@w‘td:l éhaamatab{st mactded hlgher

fegdi n Per f or mance of ,cr I

| g OERAREoferf BT s, 1o i e BT gl 5)
of Tfiglg€eride tmdamb&asddlardmmélfoﬂuﬁab%f wiprt)@ﬁﬁ)oﬂo fak Bund. High
formati on of high nol ecul ar wei

ht
hy &ReRH of iesaly wee 41%@%}1@ MRt t%a cptabgt. Jempgeafusg profile of the
pug . il a a f j .
D SR LGB LopPr ' SN ITEs Bl gu rection
anskcﬁ@n ltxarved [fomdl (Elgl]&l 41)9 whkbVeaclordiedting was maintained steady.
il-r 000. g)ul content of feed was 57 q(
pp etalmra 98con eh%a ¥t 8lsP rRIATOtee Side Jepqtions like decarb-
st Rakfidnsacl d was fed (10 w-% from rapeseed oil) along
with purified rapeseed oil using sane reaction
condltl ons W|thout product recycle. It was right away
erved tha xtent of high nol ecul wei ght . .
coR B RdeoRimird dett T s el g ¢ody riRebehd olb Purified
Wt rapedeed ofl wisu¥ed dsefeferbh@TBéd. Palificd tapesdoBiofichieved complete
Igrgpunds (nol ecul ar wei ght doubl e or nore of the

fe genverrean pn3Q356 using WHSYahderude raplee@él ohli 8@‘[’3 teted HDO
h
S5 RSl R AR BRSNS b ey

t hWHSWDCIeSs&ls Newinéesesh fifdme lﬂérhperiuﬁrd:p@ﬁlds d&fef & catalyst bed
i ncrease of formation of high npolecul ar, weig

hy thab &gt Rk of satghyst Was adeagiivaied; yem qm)@klweén fFagttry 4, reaction
acfegtﬁ)e%e a)egﬁlglo‘wg céﬁ’hl Et rélfd ]ggf({rﬁlgﬁéée&dcrﬁpé rqopeseed oil are

triglfycerides w thout pro

Ef presdntaaf pr oduct recycle on preventing forrrati on of
unwant ed heavy si de reaction conpounds when the feed
contained 10 wt-%free fatty acids

Second hydrotreatment test run was carried out using purified rapeseed oil and
crude animal fat. Purified rapeseed oil was used as a reference feed. Purified
rapeseed oil with product recycle achieved complete HDO conversion at 305°C
using WHSV=1. Crude animal fat with product recycle did not give complete
HDO conversion at 305°C using WHSV=L1. It was seen from GPC analyses that
product oil contained triglycerides and catalyst also significantly deactivated
during crude animal fat feed. Pumping problems was also observed during crude

animal fat feeding. Performance of crude animal fat is presented in Figure 5.

Example 4. (Comparative example)
Effect of free fatty acids (10 wt-% in fresh feed) on the formation of high

molecular weight hydrocarbons



A hydrotreatnent test run was carried out using 10
wt-% stearic acid containing purified rapeseed oil as

wo edognedtee feed wit hout product recycl e under POI/FROM6rIG0301
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reacti on conditions: WHSV= 1, 50 bars, 305C,

H2/ oi |l -rati 0=1000 and sul phur,content of feed =570

ppm During the second hydrotteatnent test run period
same feed was diluted with product hydrocarbons so

that (fresh oil )/ (product recycle) - ratio was 1:5.
WHBydiotreatmenh wis| caaed oul psiag muifigd rapeseerdodf ay ecfoyamne feed
of total oil_ feed ipcreased to 6. .The. r o)

¢ e mriilicy i8583e, RS6F ASEe! Sartied QUCRBAT B 50, parsgressure
50uding WHSKRE(T bl M, Wil atioa1000. BaphiBcatiteitnsfifead wa@FTO0 ppm.
HDO product (nparaffins) sinulated product recycle,
mDeangvassemn@eﬁvdrwr%vaﬁdéstmerlﬁdfSFEégﬁ agid) wasrfed (1R wt-% from

co L v d C b i . recvel e - ere
it HpEStod ) RGN o ACHOERS ARRceR i BB e o, Poficions
of witkeutyprodastorzaydiank was rightrasiay tabisedved thatethe nésaeht osf high
at least very significantly decreased when 0
prig P%Wya%&cwﬁgomwcmaﬂg@d y e dniigl Iyl 3 Wi-% to ~8
pr@pwmg@%fgf%@r oISt igRNEdnfpdiind (e REMIaS WEzht double or
reactions of Tree fatty acrds wherein a carboxylic
acindrenof greufeed)cam nogae tthenboiting rangeeof diasdbdugll and thus decrease

"B 35 od R RSB bR Wt AL 50 RS S n i
pr gitembkd et PRodessiA@ oRNdidficul) W Pigaee M ighiRtren®! Cdimation of
wei ght by-product is presented. Table 3 presents

anth sn@ewé@wwighfohydr@f@ﬂr@é ds abseryadosiien 40 Wiall fegfatty acids
An i . E
anp BRI ufiod SRk B DB Wl Byt ooy

AR+ 10 wl (10% % stearic % SA + Y5A + AR SA) + acid

Recycl e Recycl e Recycl (10% REC without after after
PrBgample Jvet hod Units AR e feed SA) 1: 5 recycle 196

hoEff@gtE’glszﬁ@ rgﬁ’lﬁé by ’prkve'ilting formation of unwanted heavy side

reaction compounds when the feed contained 10 wt-% free fatty acids

A hydrotreatment test run was carried out using 10 wt-% stearic acid containing
purified rapeseed oil as reference feed without product recycle under following
reaction conditions: WHSV= 1, 50 bars, 305°C, H2/oil-ratio=1000 and sulphur
content of feed =570 ppm. During the second hydrotreatment test run period same
feed was diluted with product hydrocarbons so that (fresh oil )/ (product recycle) -
ratio was 1:5. WHSV of fresh oil was maintained at 1, thereforce WHSV of total
oil feed increased to 6. The reaction temperature was kept at 305°C and reaction
pressure at 50 bars. Hy/(fresh oil)-ratio was maintained at 1000. HDO product (n-
paraffins) simulated product recycle, which was mixed in advance with fresh oil.

The initial content of heavy hydrocarbons in the recycle was ~0,4 wt-%.

It was unexpectedly observed that the formation of heavy hydrocarbons was

almost totally prevented or at least very significantly decreased when product



OC calc. D 4052 kg / nB 920.4 788.1 915.8 807.2 790.8
788.3 788.3 Density, 5 0C D 405 3 kg / nB 897.6 761.4
W@2B7R037841. 2 764.2 761.7 761.7 Br-index D 2710pamii20¥6/030301
5 3.7 21.5 26 Br nunber D 115 9 g/100 g 5 6 49.1 6.3
| odi nenunber D 555 4 g/ 100 g .12 103 18 HC GPC area-%
99.6 83.0 94.3 99.6 99.6 Fatty acids GPC area-%0.7 O
10.6 1.8 0 0 0 Heavy HC GPC area-%0 0.4 0.5 5.7 0.4
0.4 Diglycerides GPC area-%2.3 02.4 000
5 Trtegysle evasdusedctiguneed)- o810y i9 mgst 1probatdy (ragsegAby: significantly
St ear.i ¢, aci. AR.= LT rapeseed .oi | EC.= .
or Bt En Ll rionr e fod B RERERI5 4, (o PRRSIS iy molecule
MOéC dads withi aidthdyehrb®a1ib aed mxsleqile 16 . fofraMhiphat invdlecular
exanpl e) The effect of [ower reaction tenperature on.
t hweight eempeundy. dn Figuse 3the ieffgctaefgpredyct ypeicle en geavesting the
we ; o
e oAt bt dithed biferIndfbol FEh) b el ARRRARA Tibte
10 34preSiCnaliidis\fedulia od thecfaed aid groédwssir eof 50 bars.
Al kali raffinated rapeseed oil triglycerides contained
mainly C18 fatty acids. Cl18 fatty acids contri buted

abpaiile 89AMIy R Risufld bf théFded aﬁ&ipﬂﬁiul:‘@ rapeseed oil.

Theoretical "ampunt of n-paraffins fornmed from rapeseed

oil fed is about 86.4 (WFeed%nalyabcul at ed f rjoProdapesestyses

oil fed). Conplete HDQ conversion with al

theoretical n-paraffin yield was acconpli ghed, when

wel |l controlled reactijon tenperatures <x&3 b USRA10wt- AR +10wi

Al nost theoretical n-paraffin yields téP)"/ﬁ us%*esr@m K'SA: K'SA:
. acl ecycle ecycle

COI’Tp' et € HDO conver _SI n and IYe%{ly ot r %g bl thout after after

ep@nal i onmuted howsits Si grli fARCaNtfee8i desAy eaatd dNSrecykti gh 196 hours 552 hours

amount of side

Density, 15°C

calc. D 4052 kg / m? 920.4 788.1 915.8 807.2 790.8 788.3 788.3

Density, 50°C D 4053 kg / m? 897.6 761.4 893.2 781.2 764.2 761.7 761.7

Br-index D 2710 mg/100 g 53.7 21.5 26

Br number D 1159 2/100 g 56 49.1 6.3

Todinenumber D 5554 2/100 g 112 103 18

HC GPC area-% 99.6 83.0 94.3 99.6 99.6

Fatty acids GPC area-% 0.7 0 10.6 1.8 0 0 0

Heavy HC GPC area-% 0 0.4 0.5 5.7 0.4 0.4

Diglycerides GPC area-% 23 0 2.4 0 0 0

Triglycerides GPC arca-% 97 0 87 14.7 0 0 0

SA = Stearic acid, AR = purified rapeseed oil, REC = product recycle, HC =

15  hydrocarbons, heavy HC = high molecular weight hydrocarbons
Example 6. (Comparative example)
The effect of lower reaction temperature on the selectivity of n-paraffins and
oil yield

20

Studies were carried out with NiMo catalyst using rapeseed oil as feed and

reaction temperatures 280-330°C and 340-360°C, WHSV=1 and reactor pressure



reactions (cyclisation, aromatisation and cracki ng)
and | ow n-paraffin yield were observed when

waeneoessary hi gh reaction tenperatures 340- 36BCI/WR806/050301
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used. In Figure 6 the conversion of rapeseed oil
triglycerides to n-paraffins 4S presented. Exanple 7.
Stability of catalyst The stability of N M-catal yst

usi ng pal m oi I nodel feed (i rrpuri ti es added) al ong

wi th product recycle (catal life test) was carried
ouef $&bars. AHslalla fimgted aapase lé@rngiymrldn%coma@d meinly Cis fatty

= 3P00-3 Rea b = 40. bars

W-ws( ﬁ; %aﬁty ac1dg cgntg\%gg\() a?; gﬁf y)? ﬁ zrcu{sfln rgl?]e)seed oil.
90@he0$&tldéhahhou1ﬁ dfeeshraffih® Gored Ffom E’iﬁeﬁéeﬂl dil Rdss Ub&A 8834 wt-

n conponent of feed, but it was nodified with
aanﬁﬁﬁlcﬂlﬁWdﬁ%EﬁﬂeWQOé)‘ffe@)r ee fatty acids, crude
rapeseed oil, and lecithin in order to get suitable
specification of inmpurities of test feed. Fresh feed
an@bmplese iISIDr.Dr evansidnbetithw dlmostabhevreticaFr ephraffil yiekl was

t hen di ed i.n adv nce h 1:5 ratio of H duct
(sm}mgi %Ee dp Mg cel éey%mafi reptiiony Eﬁl%mr%ﬂreéf[%@i‘? WeiR used.
‘(’Vaﬁhﬁéfs‘% thébréRai Hsparaflsﬁﬁ‘@hél&’s féﬁeﬁsaﬁbﬁrbo‘f%ﬁetmadoﬁ@&swn and

table 4 and Figure 7) "and the formati on of heavies
wasersy centiollablecoperdtion writhost sigsificanfsideirgaotions. Higl hmount of side

Stability of tal yst F h Pr od Y
o Bpotans (e ais B R S e i, el were
hObEs’érd%@Hﬂ?enAﬁﬁlb&’e%s M?H \Rbctidh ferdpBRirky 340-366¥C Qasdfgé'_ba In
kg / 804.9 787.4 6 785 .3 784.9 Densi ty, 50C

403@1@96 theggnvergo of speseed sil griglysides & rparaffingris pwa@ted
D 2710 ng/ 100 g 29200 33 48 33 11
Example 7.

Stability of catalyst

The stability of NiMo-catalyst using palm oil model feed (impurities added) along
with product recycle (catalyst life test) was carried out using following reaction
conditions: Reaction temperature = 300-305°C, Reactor pressure = 40 bars,
WHSYV (fresh) = 0,5, WHSV (total) = 3, Hy/Oil (fresh) = 900, Sulphur in feed =
100 w-ppm. Palm oil was used as a main component of feed, but it was modified
with animal fat, fractions of free fatty acids, crude rapeseed oil, and lecithin in
order to get suitable specification of impurities of test feed. Fresh feed analysis is
presented below in table 4. Fresh oil was then diluted in advance with 1:5 ratio of
HDO product (simulates product recycle). The duration of test run was over 9
months. Stabile operation was maintained (table 4 and Figure 7) and the formation

of heavies was steady over the whole test run Figure 7.



HC GPC area-% 0 99.3 99.4 99.3 99.4 Fatty acids GPC
area-% 1.2 0 0 0 0 Monogl yc/ hi gh nol ec. wei ght HC GPC
w@e@ands7 3 0.7 0.6 0.7 0.6 Diglycerides GPC aPEBFE®/030301
O O0O0O Triglycerides GPC area-%92.1 0 0 O O TAN D6
64 ng KOHg 2.1 ~0 ~0 ~0 ~0 phur

2.0 2.7 2 Nitrogen D4629 ny/

D 545 3 ppm 3 1.2

6 <1<11.2<1

Sodi um oil AAS ng/kg 3 0.4 <0.1 <0.1 <0.1 Cal cium
oil AAS ng/kg 2 0.3 <0.1 <0.1 <0.1 Magnesium oil AAS
5 rTgTR@leG Stawltyof@amlys@ 1 <0.1 Mol ybdenum oil AAS

Ol

||gl r\g = —5—65

ng/ kg <2 <2 <2 <2 <2 Iron

R

UII I\/I' IIUL(J.ID

etal s W(ﬁ& oit aﬂaﬁ{y is

1 <1<1<1Nckel, oil I|CP et aI ng/ kg <issk < 1z 5601
Runfuration] Phosphor is il | net al s fgppbeprsq  choufs < Jhouss 7  hours
b @l ms 1. Process for thHe nanufadture of diesel
range hydr ocarbons wherein a feed is hydrotreated in a
Ryrdly. BTG eat | MP0s8t ep andei=soneri e i1 a4 sorfé¥si satB®en 784.9
%&Spsoo&haf aglesi zed ingf rpat a feed dompyi singfreshy, 758.1
d containing nore t wt % of flree fatty acids
Blnlde"at | eastP?dfe dil ut“F/H’@g gen’c”OPs Hydédt r eatted at 3a 1
peaction tenperature af.,20Q- 4008, i ayghydrofieati g 99.4
reactor in the presence of |catal yst,]| and the ratio of
f/vono?c/h' uti off®agent/fre€h’fded i'¢ 5 4 3 1. 2.°A 0 0
BSIQG@&SH(ﬁCCQiE’@jl ng to chkaim|l, oharadtesised b& thabs 0.6
the feed cont a| ns
Diglycerides arca-% 6.3 0 0 0 0
Triglycerides GPC arca-% 92.1 0 0 0 0
TAN D664 mg KOH/g 2.1 ~0 ~0 ~0 ~0
Sulphur D 5453 ppm 3 1.2 2.0 2.7 2
Nitrogen D4629 mg/kg 6 <1 <1 12 <1
Sodium, oil AAS mg/kg 3 0.4 <0.1 <0.1 <0.1
Calcium, oil AAS mg/kg 2 0.3 <0.1 <0.1 <0.1
Magnesium, oil AAS mg/kg 0.3 <0.1 <0.1 <0.1 <0.1
Molybdenum, oil AAS mg/kg <0.5 <0.5 <0.5 <0.5
Aluminum, oil ICP metals mg/kg <2 <2 <2 <2 <2
Iron, oil ICP metals mg/kg <1 <1 <1 <1 <1
Nickel, oil ICP metals mg/kg <1 <1 <1 <1 <1
Phosphorus, oil ICP metals mg/kg 4 <1 <1 <1 <1




nore than 10 wt% of free fatty acids. 3. A process
according to claiml or 2, characterised in that in

wo b@7loyxdoot reati ng step the reaction tenperat UPET/FR006/050301
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250-350C, preferably 280- 340C. 4. A process according
to any one of clainms 1 - 3, qﬁaracterlsed in that the
dilution agent is selected from hydrocarbons and
recycl ed products of the process or mxtures thereof.
5. A process according to any one of clainms 1 - 4,
ch&laimserised in that the feed contains |ess than
10w ppm al kal i ne and al kaline earth netals, calcul ated
as elenmental al kaline and al kaline earth netals, |ess
t han 11 Opepessdbh tHe mBtEhGureCatl dicdeRiddgde hydcabBhs wherein a feed
netal s, and | ess than 30w p Pn1 phosphorus, . cal cul at ed

al

as el en*éﬁwéromtsépﬁ @rlv@rot@ ing 91169@@6 dsoxpezisedi mr@l {sgmgFigation

one of i
di luti n% genté‘"ft %ﬁ "%’l rff]glge'%&g} Ry of %nrt%l n)g more
12- 25: 1thdn A w/GcelSSireacfmydaags tamdanty lesse onk dllhanrgs agent is

0, character| sed in that the feed_contai ns 50-

w ppm oRydspiresied at & seactipn temperatug ahdf? 490°&;|19rmhy¢sﬁeahng
A proce [

char act %?I tgié ﬁlg p? %a{“% (ﬁr@é hﬁpégéd%klg% g# hebclhgftg)él [ a&‘,gg?t/freSh
origin, fee&hsei:ted.lf rom pl ant 0| | s/fats, animal

fats/oils, fish fats/oils, fats contained in plants

bred by nmeans of gene nmanipul ation, recycled fats of

the foof g}')lﬂgéé§ta5é’orafﬂg P1<?f'11H1_r ?,Scﬂﬂ}ﬁét%ﬁge%%l tHat RELRR Scontalns
according to any one-o alns 1 - 7, aracteri ze

t hat t hmofe thah 10 s af Sresdhtgcacds. f r om r apeseed oi |,

colza oil, canola oil, tall oil, sunflower oil,

soybean oil, henpseed oil, olive oil, linseed oil,

must ar dAObfoceﬁahéEoi%hg @eélaﬁﬁ pidr, Zcéﬁﬁﬁct&isbd ﬁlo%'ﬂ% the
oil, Tard, tallow, train oil or fats contained in

m | k hydrotreatmg step the reaction temperature is 250-350°C, preferably 280-

340°C.

4. A process according to any one of claims 1 - 3, characterised in that the
dilution agent is selected from hydrocarbons and recycled products of the

process or mixtures thereof.

5. A process according to any one of claims 1 — 4, characterised in that the
feed contains less than 10w-ppm alkaline and alkaline earth metals,
calculated as elemental alkaline and alkaline earth metals, less than 10w-
ppm other metals, calculated as elemental metals, and less than 30w-ppm

phosphorus, calculated as elemental phosphorus.

6. A process according to any one of claims 1 - 5, characterised in that the

diluting agent:fresh feed ratio is 10-30:1 preferably 12-25:1.



10. A process according to any one of clains 1 - 9,
characterized in that a m xture of feed of biol ogical

w@eadogioms7end a hydr ocar bon/ hydrocarbons i s usedPEBEFRNES/050301
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fresh feed. 11. Process according to any one of clains

1 - 10, characterized in that28t he hydrotreating

catal yst bed system conprises one or nore catal yst

beds. 12. Process according to any one of clains 1 -

11, characterized in that in the hydrotreating step

pr esur & praedsegcdording éo prjnoee of claims1bo 6helaraptesised dbibat the

in the range of. 30 bar. 13. .Process accordin 0
any onel B Griting - AW00cR-pnty of SHERGE oFRGREA A i nental
I soner i gaghwwn step pressure varies in the range of

2-15 MPa, preferably in the range of 3-10 MPa, the
tenperature varyi ng between 200 and 500 C, preferably

bet wee I”/%éﬁ?ce@@ ?%C%Q@ngt& dny b6 bf dint gt%fj%lg%akﬁrﬁéﬁf it the

of cla acterized int
hydr ot r freshi figdiis afabiblogitabwiriging seleetedr fsmnplentobilsifats, animal

hydr ogepation catal yst, .sai d hydraogenatign tal yst
cont ai n]_p _li,%, 60 il sowr ) 101 nqﬁnta%a?fﬁgwpeénafof gene
the Per fnggi?ﬁlaﬁbfﬁ,tr@@clehﬁ’ats RIF AL 8d S htBmb:Quies flefof,

20, characterized i'n that the hydrotreating catal yst
is a supported Pd, Pt, Ni, NiM or a CoM catal yst,

t he support bein | um na and/pr, siljcg. [16. Process
accord RPPERASEORRS & a8y Srsal Gaims &~ characterippd ythat the
in that fragdh FRAMBIdekRtedORomatapbsted oFl0 HoBiaNbilldeakBlacsitll Al oil,

sieve is used in the isonerization step. 17. Process )
accor di swpflower pihi soyban ail hempseed pileeliverpil, hinseedpdl, mustard oil,

I somer i [ c | y:st in tal fr Lo
et ement PPL 1AM E:5aSBF b B8oRulE) Ford, W, Wi o s
or 17, edmdinsd @mhizled in that the isonerization
catal yst contains Al 3 or SiO.
10. A process according to any one of claims 1 - 9, characterized in that a
mixture of feed of biological origin and a hydrocarbon/hydrocarbons is

used as the fresh feed.

11. Process according to any one of claims 1 - 10, characterized in that the

hydrotreating catalyst bed system comprises one or more catalyst beds.

12. Process according to any one of claims 1 - 11, characterized in that in the
hydrotreating step pressure varies in the range of 20-150 bar, preferably in
the range of 30-100 bar.

13. Process according to any one of claims 1-12, characterized in that in the
isomerisation step pressure varies in the range of 2-15 MPa, preferably in
the range of 3-10 MPa, the temperature varying between 200 and 500 °C,
preferably between 280 and 400 °C.
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19. Process according to any one of clains 16 - 18,
characterized in that the isonerization catal yst

W@ orad3Ted SAPO-1 1 or SAPO- 41 or ZSM 22 or ZSMCEBI2006/050301
ferrierite and Pt or Pd or NN and Al B or Si O.

14.

15.

16.

17.

18.

19.

29

Process according to any one of claims 1 — 13, characterized in that the
hydrotreating is carried out in the presence of a hydrogenation catalyst,
said hydrogenation catalyst containing a metal from the Group VIII and/or
VIB of the Periodic System.

Process according to claim 20, characterized in that the hydrotreating
catalyst is a supported Pd, Pt, Ni, NiMo or a CoMo catalyst, the support

being alumina and/or silica.

Process according to any one of claims 1 - 15, characterized in that an
isomerization catalyst containing molecular sieve is used in the

isomerization step.

Process according to claim 16, characterized in that the isomerization

catalyst contains a metal from the Element Group VIIL.

Process according to claim 16 or 17, characterized in that the

isomerization catalyst contains Al,O; or SiOs.

Process according to any one of claims 16 - 18, characterized in that the
isomerization catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-
23 or ferrierite and Pt or Pd or Niand ALO; or SiOs.



